In recent years, supply chain management is known as the key factor for achieving competitive advantage. Better customer service, revenue improvement and cost reduction are the results of this philosophy. Organizations can manage the performance of their firms by appropriate goal setting, identifying criteria and continuous performance measurement, which creates a good view for the business circumstances. Developing and defining appropriate indicators at different levels of chain is necessary for implementing a performance measurement system. In this study, we propose a new method to determine the measurement indicators and strategies of the company in term of balanced scorecard. The study is a combination of balanced scorecard, path analysis, evolutionary game theory and cooperative game theory for strategic planning. The study offers an appropriate program for future activities of organizations and determines the present status of the firm. The implementation of the proposed method is introduced for a food producer and the results are analyzed.
Introduction
A supply chain is one of the most essential parts of business management for designing services from suppliers to customers. In supply chains with multiple vendors, manufacturers, distributors and retailers, performance measurement is difficult due to the challenges involved in the attribution of performance results to any other element of the chain. Performance measurement in supply chains becomes more difficult for additional reasons, especially since the analysis consists of numerous tiers within the chain itself. Performance measurement is important for managing the supply chain and increasing its effectiveness and efficiency. Decision-makers in supply chains usually focus on defining indices, which are quantitative. The primary purpose of this paper is to use a new method for performance measurement by combining balanced scorecard, path analysis, cooperative game theory and evolutionary game theory through an operational management perspective to demonstrate how these perspectives complement each other to increase efficiency. The study also suggests a strategy in supply chain focusing on a 12 period of six months project to develop performance measurement systems in the TAYHOO Company, which is the production and distribution factory in food industries. Fig. 1 shows a scheme of the BSC model originally proposed by Kaplan and Norton in 1996 . The BSC has been widely investigated in literature. Yang and Tung (2006) used BSC to evaluate the performance of some hospitals. Also this method have used for the evaluation of power generation from fossil fuels by Razmi et al. (2008) . Cebeci (2009) used this system to help implement ERP systems in textile industry in Taiwan. Lee and colleagues (2008) used the BSC approach to evaluate IT department of manufactured companies in Taiwan. Kanji (2002) used BSC for assessing business models. Bhagwat and Sharma (2007) with a review of previous studies assessing the performance of the supply chain, including the papers of Gunasekaran et al. (2004) , began to collect important criteria in evaluating supply chain performance. First, they derived the criteria into two categories of financial and non-financial. In this paper, after reviewing the literature, a general framework of indicators was provided to assess overall supply chain performance in terms of four criteria BSC. After presenting the general framework, these criteria have been measured in three small and medium enterprises in India.
The BSC has been widely investigated in literature (Chia et al., 2009 ), but little attention has been paid by researchers to its adoption in the food industry: among these, it is possible to cite Cardemil- Katuranic and Shadbolt (2006) , which adopted a case study methodology to research how an agricultural (kiwifruit) co-operative in New Zealand could implement a BSC. Bigliardi and Bottani (2010) by using studies of Bhagwat and Sharma presented a general framework of the BSC measures for food industries supply chain. We use this framework for our method in this paper.
Balanced Scorecard is defined as a cause and effect model to determine in what indicators the organization is leading or in what indicators the organization has a low performance. Balanced Scorecard assumes that the causal relationships are established among the four perspectives of organizational learning and growth, internal process perspective, customer perspective and the financial perspective (Kaplan & Norton 1996) . These relationships are very important because, unlike traditional methods, they allow managers to measure performance based on non-financial criteria and use them to predict organizational financial performance. On the other hand, each cause and effect relationship requires a time interval between cause and its effect. Thus, it is very difficult to create real relationships between all the considered aspects. Different methods have been used for establishing this relationship, including the use of key performance indicator and mathematical modelling. Here, the use of multivariate analysis methods such as path analysis can be a more reliable technique.
Path analysis
Path analysis is a multivariate analysis method that are used for reviewing a set of relationships that form the linear causal models shown. This method was presented for the first time by Sewel Right to explain casual relationships of genetic population. He used this model to study the direct and indirect effects of cause variables to effect variables. Advantages of path analysis compared with other methods such as regression, is: Utility of integrated models of coefficients test rather individually coefficient test, ability of test models with multiple correlation between coefficients. Huang et al. (2007) used the system for evaluating effective communication in the field of biomedical engineering. Kanji and e Sá (2002) used path analysis for business scorecard analysis that presented by Kanji. Their method is unable to determine the inter-relationships between each of the existing framework because they had used cross partial data. Burney et al. (2009) approach has been used in this study that they used multivariate path analysis method with longitudinal data for analysis of organizational factors. They considered drawing the causal relationships after identifying the effective components. Then, first step relations were examined by assuming statistical under the two-sided t-test. In the end correlation values are desired by regression.
Cooperative Game Theory
Game theory involves a significant part of decision making process under uncertainty conditions. Following its introduction, Game theory was developed by Emily Bourl and Van Noman, although it is not exactly clear that who should be introduced as the founder of the theory. For each game, three factors are necessary: a) Players b) Players' strategies that are allowed under rules of the game c) Utilities or results
In this study, the main approach uses a game with n players and balanced scorecard. Hence, in this section, we try to focus on this type of game and wish to become more familiar with its basic concepts. Consider a limited number of players (n) shown by a set like 1,2,3, ⋯ , . Each subset ⊆ of this set is called a coalition. / is used to display the supplementary set of K in N or ⊆ which refers to players who are not in the coalition of K . Suppose the coalition with K persons can earn the amount of maximum guaranteed points, V (K ) . We call V (K ) a property function, which is defined in terms of ⊆ . This function will satisfy the following properties:
2. For all , ⊆ that ∅, we have ∪ ;
The first property states that the value of an empty coalition is equal to zero. The second one is called additive property and states that the value of a coalition composed of two components is at least equal to their total individual values. 
where n different transforms ( n! number mode), M changes and i K is a set of players that are placed before i in the sequence of M . A proved theorem to calculate the Shapely value when the number of coalition K is shown with | K | is as follows:
Evolutionary Game Theory
Evolutionary game theory arose as a result of the application of game theory to biological evolutionary contexts and has since been utilized in other areas of social science such as economics and business (Cai & Kock, 2009) . Although evolutionary game theory has provided numerous insights in economics, it has not yet been applied widely in the context of management due to the presence of three main obstacles or limitations of game theory itself described as:
1. The problem of equilibrium selection: Not every game can be seen in the context of a Nash equilibrium which makes solving games more difficult.
The problem of hyper-rational agents:
The traditional theory of games imposes a very high rationality requirement upon agents. This limitation is not important for all games.
The lack of a dynamic theory in the traditional theory of games:
Game theory is not dynamic which is very important in modern organizations. Thus evolutionary game theory can be seen, in part, as filling in this gap which exists in traditional game theory.
There are two approaches to evolutionary game theory. The first approach derives from the work of Maynard Smith and Price (1973) and employs the concept of an evolutionarily stable strategy as the principal tool of analysis. The second approach constructs an explicit model of the process by which the frequency of strategies changes in the population and studies properties of the evolutionary dynamics within that model (Adachi et al., 1991; Alexander & McKenzie, 2000; Gilles, 2009) . We use the second approach for this paper.
Methodology
This study seeks to contribute by aiming to help us better understanding of characteristics and processes for the design and implementation of enabling performance measurement systems by introducing a new approach in defining perspectives of the balanced scorecard for Food industry supply chain management (SCM). We aim at using a new method for performance measurement by combining balanced scorecard, path analysis, cooperative game theory and evolutionary game theory from an operational management perspective to demonstrate how these perspectives complement each other to increase efficiency and how to determine the best strategic combination. The overall algorithm of this study is shown in Fig. 1 . This algorithm consists of four steps. In first step by review on literature of the food supply chains this kind of supply chains are identified and analyzed. Then we have identified strategies related to each of the criteria by using the BSC. In the next step, we determine cause and effect relationships between the strategies defined. For this purpose, the strategic plan will be drawn and relation paths will be defined between the strategies of one criteria and the following criteria. After determining strategic paths, weights for each of the path are obtained by using Shapely Value. The values obtained in this step are considered as input to the Latin square design. In the last step we can choose the best strategies in each criteria by using the evolutionary game theory. Player 1
Table 2
Boxes of Latin square for 4 players' evolutionary game We use a 4 player game in this study. Each player proposed in this study has three strategic options. Each strategy is mutually exclusive, meaning only one can be chosen at any given time. Therefore there will be 81 possibilities of interaction (3×3×3×3). These interactions will be arranged in four distinct boxes of Table 1 and Table 2 . We propose interaction among the different strategic agents of the scorecard as players providing a methodology for collaboration among different players to reduce any inconsistencies and implement a four-person cooperative evolutionary game theory as a new concept in game theory concept. Mathematical equations are used for concepts of the evolutionary game theory. Let Pi proportion of population that selected boxed i 
Let's assume that the proportion of the population following the boxed i th in the next generation is related to the proportion of the population following the boxed i th in the current generation according to the rule:
, , … ,
We can rewrite these expressions in the following form:
We assume that small difference is in the strategy frequency from one generation to the next are small:
These equations were to provide continuous dynamics for evolutionary game theory and are known as the replicator dynamics.
Case study
The proposed method in this paper, as already mentioned, is purposely designed for one of the biggest Food Industries in Iran called 'TAYHOO'.
Strategic options of Food Industry supply chain in TAYHOO
In this section, we define strategic options in perspective of BSC to TAYHOO. In order to avoid being trapped to a high-complicated model, strategic options are limited to three. For this purpose, first areas which suit a set of strategies are designed to help extract a lot of studies and interviews with experts in the company. At this stage, a total of 25 major strategies were identified. In the next stage, the designed questionnaires were bilateral for these prioritized strategies. To this end, 135 questionnaires were distributed and 120 were turned in based on which the analysis is performed. Output results that introduce strategic priorities and the restrictions specified in each field were limited by only three major strategies. Following the analysis of the results, the reliability of the questionnaire was calculated to be 0.73 using Cronbach's alpha formula, indicating that the questionnaire had an acceptable reliability index. Finally, the default original model was introduced based on strategic issues (see Fig. 2 ). 
Determine the relationship between strategies by path analysis
To begin this step, measurement indicators must have been set for each strategy. Data on these indicators were collected for 12 month period. With this information, we developed the 27 hypothesis tests by twosided correlation t test assuming. These hypothesis tests were accomplished among different components of path analysis based model mutually. Information about these tests have been given in Table 4 . The final path analysis model is changed as follows.
Fig. 3 Final path analysis model

Calculation of Shapely Value
After validating the desired relationships, we calculated Shapely values among the extracted components as a strategy in order for each aspect of balanced scorecard to be considered as a player to determine the effectiveness of components in achieving major goals. In the first, we must determine the initial value of V(i) , with i as a component, to determine Shapely values of the components based on the drawn path in the previous section. To determine this value, we used hierarchical analysis approach in fuzzy mode (FAHP). After calculating weights for each component using FAHP method, we will consider these values as V(i). Next, we will consider calculated paths to determine the Shapely value for each component in the path. The Shapely values of 24 drawn paths are show in Table 5 .
After determining paths, we were assisted by experts, calculated the necessary values for determining Shapely values. Table 5 presents a detailed specification of the necessary information. After that, based on the rules and proven theorem of Shapely value, we calculated these values for each component on the respective path. 
Determine the best strategic path by using evolutionary game theory
Regarding the steps taken, Latin square is designed as shown in Table. Table 3 illustrates a game where finance is appointed as the first mover, the customer is the follower, and internal processes, and growth and learning are assumed to have moved with the first choice. Since the game theory of dynamic behavior does not have rationality in a traditional mode of insight, in a state of evolutionary game theory it can be vacuum filled due to the ambiguity. These cases were encountered in this article that considered the evolutionary game theory and modeling problem with this theory in form of the concept of Nash equation in the dynamic equilibrium approach. Nash equation resulted in the convergence of all players in the long run and will remain stable. By using the information obtained in the previous step Shapely Value of each player in each path can be achieved. These values are entered in the Latin square design.
Table 6
Final Latin square model Values that were missing in Latin square design are the paths that were eliminated in the path analysis step. Therefore, they are considered to be zero. This intelligent system database provides the organization that facilitates decision making and shows how the units interact. Suppose TAYHOO has problems in the area of financial supply chain and needs to identify the best combination of strategies to achieve the best results. The combined relationship help us in game theory and we may obtain the most appropriate way to reach the face bring this problem to obtain. The equations for this problem are explained below. 
Other equations are computed using Eqs. (6)- (14).
Value of can be obtained by using for the next generation. The optimal strategy for each player is determined by repeating this calculation. The calculations are coded by computer software. The result of this calculation for TAYHOO company showed that the optimal strategy was the second strategy for the first player. Also, first strategy for the second player, the third strategy for the third player and the first strategy for the fourth plyer are optimal strategies. This means that the optimal box in Latin square design is box 34. Therefore, L1 → I3 → C1 → F2 is the optimal strategic path for TAYHOO company.
Conclusion
Performance measurement is an essential element of effective planning and control as well as decision making. Although implementations of performance measures in companies are now widespread. In this study, an innovative method has been presented for performance measurement of food supply chain. In this method, we have used a combination of balanced scorecard, path analysis, cooperative game theory and evolutionary game theory to obtain the best combination of strategic. We have proposed the application of this new approach of combining game theory, path analysis and BSC for food supply chain to TAYHOO with the objective to evaluate their day-to-day business performance in order to select the best strategy in emergency situations. After determining strategies in each aspect of BSC, we determine cause and effect relationships between the strategies defined. Then the best strategic path were determined by using cooperative game theory and evolutionary game theory.
